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Ascorbic and DehydroascorbicAcids Measured in Plasma Preserved with Dithiothreitolor
MetaphosphoricAcid

ii: Sam A. Margolls,_ RobertC. Paule,_and Regina G, Zleglei:

We describe a rapid method for accurately and precisely nativeAAhasbeenoxidizedtoDHAA(/).However, bothof
measuring ascorbic acid and dehydroascorbic acid in thesereagents react with other reductones,including dike-
plasma. Total analysis time is < 10 min, replicateanalyses of togulonicacid, and this can lead to measurement errors in

a singlepool provideprecisions52%, and values measured a simple chromogenlc assay (1),
in supplemented samples agree with known concentrations The last two procedures have been used in conjunction
of 4.68 and 11.83 mg/L. The stability and homogeneity of with chromatographicmethods. Method b has been usedfor
lyophilizedplasma samples supplementedwithascorblcacid both pre- and postcolumn derivatization of DHAA with
and dithiothreitolare documented. We also describea pro- o-phenylenediamine and method c for precolumn reduction
cedure in which metaphosphoric acid (50 g/L) is used to of DHAA. The advantage of method b is that it measures

i:: prepare a reference material for the measurementof ascor- DHAA directly. These last two procedures involve either

;:l _ bic acid and dehydroascorbic acid. The procedure for both complexextractions that require the use of internal stan-acids consists of first measuring the native ascorbic acid, dards (4), an insensitive ultraviolet method for AA detec-

i then reducing the dehydroascorbicacid, at neutral pH, with tion (5, I3), or a lengthy separation procedure (6).
The procedure we used in this study (a variant of proce-

dithiothreitol,and finally measuring the total ascorbic acid; dune c) involves sulfhydryl reagents (7-13) to reduce
dehydroascorbic acid is then determined by difference. The DHAA to AA, and requires little additional sample manip-

i iii metaphosphorlc-acid-treated samples were stable at ulatJon. Diketegulonic acid is una_ected by ditl_ot,]u_ito]
-70 °C, but stability decreased with temperature over the (D'Fr). This procedure measures only AA directly; DHAA
range examined, 4-50 °C. is measured indirectly after its reduction to AA. The

complete assay can be done by HPLC in 8 min with use of
Additional geyphraees: referencematerials • analyticalprecau- a very sensitive electrochemical (EC) detector at a constant

ii:i tions electrode potential. To measure DHAA, one must analyze
each sample twice, once for native AA concentration and

i Ascorbic acid (AA) and dehydroascorbic acid (DHAA) are once after the addition of DTT, to measure total AA
_ normally present in both human and animal tissues and content. The DHAA content is calculated as the difference
i! plasma,aBoth thechemicaland biochemicaldestructionof betweenthevaluesfornativeAA and totalAA.

AA occurssolelythroughthepathway ofAA toDHAA to Accurateresultsentailbothaccurateanalysesand stable

diketogulonicacid--thefirstreactionbeingreversible,the samples.However,thereisa paucityofpublisheddata on
secondirreversible(I).Accuratemeasurement ofAA and thelong.termstabilityofAA in acid-stabilizedserum or

DItAA in biological samples such as plasma depends on a plasma (3--5,14, 15). In one report (5) it was demonstrated
:_ reliablemethod forstabilizingthesematerialsinthema- thatAA and DHAA were stablewhen stere]at-20 °Cfor

trixofinterestand theavailabilityofa reliableassayfor 30 days in 100 mL/L metaphosphoricacid(MPA). In a
each analyte.Such measurements are necessarytothe second(15),AA was foundtobe stableforfiveweeks at
designand interpretationofepidemiologicalstudiesde- -70 °C in50 mL/L MPA. Intwo studies(3,14)totalAA

I: _ fining the factors affecting the distribution of AA and was measured in plasma. Bradley et al. (14) demonstrated
DHAA in blood and other tissues, that AA was stable in plasma for 21 days at 4, -20, and

Currently there are three general procedures for quanti- -70 "C, in the presence of either MPA or trichloroacetic
fying the sum of both analytes (total AA): (a) the dinitro- acid; Baker et al. (3) found AA to be stableibr seven daysat
phenylhydrazine method (2), (b) the o-phenylenodiamine -70 °C in EDTA-perchloric acid. Using a colorimetric
method (3-6), and (c) the reduction of DHAA by sulfhydryl assay, they (3, 14) observed an initial, unexplained 5% to

_:: reagents (7-13). 13% increase in the concentration of AA within the first
_: The first two procedures, both based on the production of week of storage, and Baker et al. (3) noted that their
_ colorimetricresultsdid not agree with resultsthey ob-_ a derivativeofDHAA with eitherdinitrophenylhydrazine
_ or o-phenylenediamine,are used tomeasure the DHAA rainedwith an HPLC-EC method.Nevertheless,thecon-
_: content and, indirectly, to measure total AA aRer the centration of AA determined by the HPI_ method corre-
_ spondedtotheamount addedtoAA_freeplasma,suggest-
:_: ing a systematic bias in the determination of AA by the

J Organic Analytical Chemistry Division, Center forAnalytical dinitrophenylhydrazine method. We have reported that AA
Chemistry, National Measurement Laboratory,National Institute in plasma can be preserved by adding DTT and have

:: forStandardsand Technology,Gaithersburg,MD 20899. demonstratedthatallofthe addedAA was accountedfor
2EnvironmentalEpidemiologyBranch,EpidemiologyandBio- aRer 88weeks insamplesstoredat-70 °C (13).

ii statisticsProgram,DivisionofCancerEtiology,NationalCancer The objectivesofthe presentstudywere (a)todemon-
Institute,Bethesda,MD 20892. strafethe accuracyand precision(includingsome oftheaNonstandardabbreviations:AA, ascorbicacid;DHAA, dehy-i:::

_ droascorbicacid;MPA,metaphosphoricacid;HPLC,high.pressure sourcesofsystematicerror)of the measurements deter-
_ liquid chromatography;DTT, dithiothreitol; and EC, electrochem- mined by a modified version of our recently reported

: i ical. HPLC-EC method (13); (b) to demonstrate the feasibility ofReceived April 12, 1990; accepted July 27, 1990. preparing a plasma pool suitable for use as a reference
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material in field studies; (c) to show that DHAA formed by ing suspension was centrifuged (1000 x g, 30 min, 4 °C)
the oxidation of AA in plasma at 22 °C can be quantita- and the supernatant fluid was transferred to 1.8-mL au-
tively converted to AA; and (d) to demonstrate that no tosampler vials and analyzed by HPLC.
measurable degradation of AA occurs in MPA-treated Set 2. Samples preserved with metaphosphoric acid. The
plasma at--70 °C, but at 4,25,and 50 °C AAismore orless frozen human plasma was thawed and three 100-sample
slowly oxidized to DHAA and other products, lots were prepared: (a) a group of unsupplemented plasma

Materials and Methods 4 samples, (b) a group supplemented with a low-normal
concentration of AA, and (c) a group supplemented with a

of Matenals high-normal concentration of AA. Two lots of plasma were

.e- AA and DTT were purchased from Sigma Chemical Co., supplemented by adding a weighed amount of an AA
in St. Louis, Me; metaphosphoric acid from Fisher Scientific, solution (49.56 mg of AA per 53.24 g of aqueous metaphos-

Fair Lawn, NJ; and the plasma from Western States phoric acid, 100 g/L) such that the fmal concentration of AA
m Plasma Corp., Fallbrook, CA. The acetonitrile was "HPLC" in each lot was 4.87 and 11.75 mg per liter of plasma (low
br grade. The AA, examined by proton magnetic resonance, and high normal, respectively). Each plasma lot was thor-
th contained <0.1% protonated impurities, including DHAA oughly mixed. The solutions were exposed to 22 °C for 2 h,
m and its degradation products. The processed plasma was permitting partial oxidation of AA to DHAA. Therefore,
es stored at -20 °C until used. the b and c samples could be used to analyze for both AA
er The method of AA analysis is a modification of that and DHAA, and they mimicked real samples. Of these
n- described in reference 13 as HPLC Method 1. A 100 x 7.8 plasma samples, 0.5-mL aliquots were then mixed with 0.5_C-

! nun 'Tastacidanalysis"column (Bio-RadLaboratories, mL ofa 100 g/Lsolutionofmetaphosphoricacid,inglass
Richmond,CA) was usedata flowrateofimL/min andthe ampules,which were then sealed,theircontentsfrozen,

',e- EC detector was a Model 400 (EG&G, Princeton Applied and stored at -70 °C.
ce

Research, Princeton, NJ). Analysis time was shortened At the time of analysis, the test-plasma samples pre-
P" from 35 rain to 8 min. A series of three calibration stano served with metaphesphoric acid were thawed in a water
_A dards(threeAA concentrationsthatbracketedthesample bath at20°C;thawingwas completewithinI0min. Two
_e concentrations)were run atthebeginningand end ofeach analyseswere performed on each sample,the firstto
of day,toassessthestabilityofthedetectorand toprovidea measurethenativeAA contentand thesecondtomeasure
nt calibrationcurveforuseincalculatingtheAA concentra- thetotalAA (i.e.,AA + DHAA) al_rreductionwithD2_P.

ze tion of the samples (13). All serum samples were aliquoted Samples for the first analysis were prepared by diluting
ld with a calibrated automated positive-displacement pipet in 0.200 mL of sample with 1 mL of distilled water in a vial

eitherthe dispensing(forreference-materialpreparation) containing160 pL ofmetaphosphoricacid(400g/L);0.400
ce ordiluting(forsampleanalysis)mode. mL ofacetonitrilewas added,thevialwas capped,and the

samplewas vortex-mixedfor15 s.ARer centrifugingthe
de Preparation of hA-Supplemented Plasma Samples resulting suspension (1000 x g, 30 min, 4 °C), we trans-
,m : Set 1. Quality-control sample set. We prepared three ferred the supernatant fluid to 1.8-mL autosampler vials
or 160-sample groups of lyophilized plasma: (a) a group of and analyzed it by HPLC.
ed unsupplemented plasma samples, (b) a group supple- The samples for the second analysis were prepared in the
br mented to give a low-normal concentration of AA, and (c) a same manner as for the first analysis except that 200 pL of
a group supplemented to give a high-normal concentration of test plasma sample was diluted with 1 mL of distilled water

at AA. DR'r was added to plasma at room temperature te give in a vial contahdng 200 ftL of a solution of 0.5 reel of
,A a concentration of 1 g/L. This plasma(relative density K2HPO 4 and 1 g of DTT per liter. After 1 h at room
ed ; 1.025) was divided into three lots, two of which were temperature, 160 p.L of a 400 g/L MPA solution and 400 p_L
ad : supplemented by adding a weighed amount of: an AA ofacetonitrile were added, and samples were vortex-mixed
_ic solution(1.184g of AA per gram of I0 g/L aqueous and centrifugedasabove.The supernatantfluidwas then
at DTT:acetonitrile,1:3by vol),such thatthe finalAA con- transferredtoautosamplervialsforanalysis.AllIIPLC-EC
tic ' centrationofeach lotofreferencematerialwas 4.68and measurementswere correctedby calibrationfactors.
to 11.83 mg per liter of plasma for the low- and high-normal Statistical analysis. Measurement data on the samples
_t samples,respectively.Each lotofreferencematerialwas from set1 were examined.Separateanalysesofvariance
_.ir well mixed, afterwhich 1-mL sampleswere aliquoted, weremade forthelow-and thehigh-concentrationplasma
,b- Q lyophilized, and stored at -70 °C as previously described samples. The organization of the data was that of a four-
n- (13). level hierarchical de._ign. Analyses were made: over 12
_. Each sample was prepared for analysis by equilibrating different days, with two different samples for each day, two
3t- , it at room temperature and adding 0.97 mL of distilled aliquots taken from each sample, and two measurements
he water. Alter the solids were completely dissolved, 0.1 mL of made on each aliquot. Thus, for each concentration, 96
_A reconstitutedplasma was dilutedwith 1 mL ofdistilled measurementresultswere used and foursourcesofearl-
ve waterintoa vialcontaining160 _L ofa 400 g/Lsolutionof ancewereevaluated:days,samples,aliquots,and replicate
br ' metaphosphoric acid; 400 ftL ofacetonitrile was added, and measurements.

the vial was capped and vortex-mixed for 15 s. The result-
,n- Results

he The chromatogramsoftheunsupplementedplasma(Fig-
._r- 4Identificationofany commercialproductdoesnotimplyrec-

ed ommendation or endorsement by the National Institute of'Stan. ure 1, A and B) indicate that it contained no electrochem-
dards and Technology, nor does it imply that the material or ically active material with a retention time at or near that

of equipment identified is necessarily the best available for the of AA. Furthermore, treatment of this plasma with DTP
ce , purpose, did not resultin the generationof any materialthat
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3 Table 1. Summary of Analysis of Variance of Plasma
3o /| A Samples, Set 1, Supplemented with AA at High- and

2o ___l Low'Normal Concentrations
lo 1 Ascorbl¢ar,ld,mg/L
0 - : As,added 11.83 4.68

Grandmeanof all 96 11.76 4.70
3o 3 4 measurements

2o _J _ Sourceofvariab,,ity Compon,t ofSD,mg/L

10 Day ns= 0.07
o Sample 0.23 os"

Aliquot 0.07 0.06

i Replicatemeasurement 0.10 0.06
30 2 s c SD ofa single 0.26 0.11

__L_ measurement
1 CV, % _2 _2

- =aS= notsignificant.

60 3
..... 4O 1,]| D IYI_, and DHAA by difference (total AA - existing AA).

so .__j4 .. Because the reduction of DHAA by DTr is pH dependent

=o (7),we adjustedthe pH ofeach sample with dipotassium
lo phosphate. The precipitated material completely dissolved
o and the DHAA was completely reduced to AA within 10

rain at room temperature (22 °C). The resulting AA con-
i _ j I I _ _ i centration remained constant for at least 90 min aflex the0 2 4 6 8

_!i 11me(mJ,) samplewas prepared.In the absence,ofthe dipotassiumphosphate the reduction of the DHAA was still incomplete

il Fig. 1. Chrornatogramsof lyophilizedand MPA-praservedhuman after the m_(ture had stoodfor an hour at room tempera-plasmaandAA-supplementedplasmawithand withoutD'R"treat- ture.:

I:ii ment BeforebeingpreservedwithMPA, theinitialdecreasein:=ii A,lyophilizedplasma;B,plasmapreservedinMPA(50g/L)andtreatedwith
dipotesslum_hate (0.05tool/L)andDTT(1g/L)for1 h;C, lyophilized _ (11.75 sad 4.87 mg/L) in plasma at 22 °C for 2 h was

!i plasmacontainingDTT(1 g/I.)andsupplementedwith11.83mgof AAper 1.60 and 0.98 rag/L, respectively (Table 2). ARer being
liter;D,plasmapraservedwtthMPA(50g/L)andsupplemantedwithAA,11.75 preserved with MPA, these samples were analyzed for
rag/L,uppertrace,no DTT,/owe"trace,treatedwithDTT (1g/L)and DHAA contentand foranalyticalrecoveryofsupplemented:__ dipotassiumphosphate(0.05mol/L)forI h.Peak1,MPA;2,AA;3, uricacid;

! 4, DTT AA (i.e., AA + DHAA content) over a period of 98 days. The
total AA remained constant in MPA (50 g/L) when the

:i: co-chromatographed with AA. Thus the unsupplemented sample was stored at -70 °C. These results indicate that
:_ the oxidized AA, namely DHAA, could be quantitativelyplasma matrix contained neither AA nor DHAA (which
i converted to AA by IYrT, and that no diketogulonic acid!: was reduced to AA with DTP), and all of the material

measured in all samples represented either added AA or w_s formed. This is demonstrated by the fact that the
material converted to AA. values obtained for AA after DTT treatment (11.69 and

5.03 mg/L) were not statistically different (P >0.05, Stu,
Measurement of AA in Lyophilized Plasma Stored at dent's t-tost) from the amount I_'avimetrJcs]ly added to the
-70 °C (Set 1) plasma at the beginning of the experiment (11.75 and 4.87

: The concentrationofAA inthetwo supplementedlotsof mg/L, Table 2).'l"neseresultsdemonstratethe relative
ii plasma (AA, 4.68 and 11.83 mg/L) was measured in dupli- homogeneity of the samples preserved with MPA and•

_ii!_ cate on each of 12 days over a 21-day period. Twenty-four indicate that the sample-to-sample variation in total AA
samples were selected without conscious bias from each lot
and two were analyzed on each day. Analysis of variance of
these data (Table 1) gives the various sources of impreci- Table 2. Summary of Analyses of AA-Supplemented
sion contributing to the total variability of a single mea- Plasma Samples, Set 2, Preserved In MPA, 50 g/L
surement.The totalimprecision(i.e.,the CV) ofa single Contention,mg/l.
measurement for each lot of samples was 2% (11.76 -+ 0.26 AA added 11.75 4.87

and 4.70-+0.Iirag/L).Thisuncertaintyissmalland the (No.ofsamples) (10) (5)
measured valuesvary from thegravimetricvalueby <I AA" I0.09- 0.04 4.05± 0.13
SD (Table 1). These results demonstrate the stability and Total_t b 11.69 ± 0.06 5.03 ± 0.06c
homogeneity of these reference materials relative to the DHAA_ 1.60 _+0.07 0.98 ± 0.14
day of analysis and the order of sample preparation. • Mean_+SDof themean.

_-: Measurement of AA and DHAA in Frozen Plasma _Totalascorbicacid(mean+-SDofmean)wasdeterminedasdescribedin
i:::: Preserved with MPA (Set 2) thetextwithuseofD'[Tasa reducingagent.CThisvaluedoesnotdiffersignificantly(P>0.05byStudent'st-test)from
_:ii_ The following studies wen done to examine the accuracy thegravlmetrlcvalue.

i!i and precision of the measurement of existing AA, total AA _Determinedby sublractingthe mean AAvalue fromthe meantotalAA

I i after reduction of the DHAA in the serum samplewith v_ue.

1752 CLINICALCHEMISTRY,Vol.36, No.10,1990

' :; ii

i lllll



content is similar to that observed for those samples pre- (Table 4). At 50 °C the degradation of AA was even faster,
pared in _ and then lyophilised and stored at -70 °C. 16% in 3 h (Table 4).

The CV for the measurement of AA in both sample lots
before the reduction of DHAA with DTT, 0.4% and 3% Discussion
(10.09 -+ 0.04 and 4.05 -+ 0.13 rag/L), is similar to the CV
for the total AA value, 0.5%and 1%(11.69- + 0.06and5.03 Validity of AA and DHAA measurement in clinical
_+0.06 rag/L, Table 2). The DHAA content (1.60 +-0.07 and plasma samples depends on the availability of a method of
0.98 __:0.14 rag/L)--i.e., the %otal AA" minus "AA"--can demonstrated precision and accuracy for measurement of
be determined to the same general precision as the '_otal each analyte. The modified methed clescribed here is char-
AA" and "AA." The results indicate that <1 mg of DHAA aeterized by increased speed of analysis (8 rain), baseline
per liter can be precisely measured, peak resolution comparable with that of our previous

method (13), and the elimination of baseline drift. Figure 1

Stability of AA in Plasma Stabilized with MPA (Set 2) at 4, clearly demonstrates the baseline resolution of all peaks.
25, and 50 °C Furthermore, the ehromatograms of the unsupplemented

plasma to which DTr was added indicate that there was no
In preliminary studies we thawed oar samples by putting AA, DHAA, or any "contaminating" peaks, However, for

them in "warm water" for a variable period of time. Under patients receiving special therapy, it may be necessary to
- these uncontrolled conditions we observed measurable demonstrate that no interfering materials are present by

variation in the initial AA content. Thus at increased measuring the AA content in the presence and absence of
). temperatures, plasma AA preserved with MPA does not ascorbate oxidase (EC 1.10.3.3). The baseline drift observed
Lt appear to be stable. We have now exRmlned this instability in earlier experiments (13) was reduced by use of the EC
n at 4, 25, and 50 °C, using the plasma samples from set 2. At detector such that negligible signal degeneration was ob-
d 4 °C AA degraded slowly. The degradation was detectable served during an 8-h period.
0 in the high-normal plasma samples after only one day, and A major source of measurement error is imprecision in
k- it continued for 14 days (Table 3, experiments i and 2). In sampling the plasma. This is a function of the viscosity of
e the low-normal plasmasamples (Table 3, experiment 3) the plasma. We have minimized this error by using an
n about 80% of the AA was lost after 14 days. More impor, automated diluting pipet. With this instrument, an accu.

tantly, the total AA content was reduced 42%. This indi- rate aliquot of plasma is taken and then the sampling pipet
k- cates that some of the DHAA was also degraded along with is purged with at least five volumes of diluent to wash out

the AA. At 25 °C, detectable oxidation of AA occurred the viscous plasma. We tested the dependability of this
n within 5 h, and after 24 h 18% of the AA had been oxidized method by using a single lot of stable reference plasma

samples that had been supplemented with AA and pre-
g served as previously described (13). The results of such an
¢ Table 3. Stability of Ascorbic and Dehydroascorbic experiment (Table 1) indicate that this method accurately
d Acids in MPA, 50 g/L, at 4 °C measures the supplemented concentrations of AA, i.e.,_

e ! concmtmuo,, mWL" measured values of 11.76 _+0.26 and 4.70 ± 0.11 mg/L as
e compared with the respective gravimetric values of 1L83
tt Day AA TotalAAb DHAA©
y Experiment 1

d 0 9.9± 0.22 11.6 -+0.08 1.7 Table 4. Stability of Ascorbic and Dehydroascorblc
,e : 1 9.2 ± 0.19 11,6 -+0.15 2.4 Acids in MPA, 50 g/L
d 2 9.1 -- 0.10 11.0 ± 0.12 1.9

AA TotalJUtb DllJUt=
z- 4 8.6 -+0.12 11.2 ± 0.06 2.6

Le _ 7 8.5 _ 0.09 10.6 - 0.11 2.1 Mlnutu" mg/L
7 : 9 7.6 -+0.06 9.9 -+0.03 2.3 Temperature25 °C
'e Totalloss 2.3 1.7 15 t0.3 '_ 12.0d 1.7
.d i 60 10.1 12.0 1,9
A. i Experiment2 120 10.2 11.8 1.6

0 10.1 ± 0.14 11.6 ± 0.06 1.5 180 9.8 11.8 2.0
- 3 8.8 -+0.14 10.9 _+0.12 2.1 300 9.7 11.6 1.9

7 8.7 ± 0.08 11.2 _+0.05 2.5 1440 6.4 11.0 2.6
, 10 7.9 ± 0.13 10.1 ± 0.05 2.2 Totalloss 1.9 1.0

14 7.2__.0.10 9.7_+0.12 2.5 TemperatureSOoC
Total loss 2.9 1.9 0 10.1 11.6 1.5

20 9.8 11.7 1.9
Experiment3 40 9.8 11.8 2.0

c 0 3.9 _+0.18 5.0 +_0.06 1.1 60 9.4 11.8 2.4
3 3.3 _+0.10 4.6 ± 0.02 1.3 120 8.9 11.2 2.3
7 2.9 _+0.07 4.4 + 0.04 1.5 180 8.5 10.7 2.2

in , 10 1.9 + 0.10 3.6 -+0.07 1.7 Totalloss 1.6 0.9
14 0.7 -+0.06 2.9 -+0.09 2.2

m Total loss 3.2 2.1 • Elapsedtimeafterthesamplewastransferredfrom-70 =Cdirec_yinto
thecontrolled-temperaturebath.

_ aEachnumberrepre¢_ themean(andSO)offourmeasurements. ° AscorbicacidcontentmeasuredaftertreatmentofthesamplewithDTT.
bAscorbicacidcontentmeasuredaftertreatmentofthesamplewithD31". ¢ThedifferencebetweentheAAvalueandthetotalAAvalue.r

-- _ cThedifferencebetweentheAAvalueandthetotalAAvalue, dEachvaluerepresentsthemeanoftwodeterminations.
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and 4.68 mg/L. The precision of both the low- and high- of the oxidized AA to AA. Thus, this method provides a
concentration AA measurements is-2%. The error contri- suitable technique for measuring the sum of AA plus
butions of the different components of the analytical DHAA in biological samples after they have been pre-
method were assessed by analysis of variance. These corn- served with MPA (50 g/L).
ponents (Table 1)included (a) the variability due to the The identification of the degraded AA as DHAA is based

i handling and processing of samples on different days; (b) on its reductive conversion to a material chr0matographi-
the between-sample variability for a given analyte concen, cally identical to AA. Because the unsupplemented plasma
tration; (c) the variability in the sample preparation pro- does not contain any material that can be converted to a
cedu_ including aliquoting the sample, adding reagents, material that is chromatographically identical to AA or is
and precipitating the proteins; and (d) variability between electrochemically reducible, the material that was detected
duplicate analyses on the same aliquot that is attributable by reduction with DTT had to arise from the supplemented
to the variation in instrument settings. From a practical AA. The observation that DHAA in plasma can be reduced

_i viewpoint, all four sources of variability are small. The to AA by DTT (13) also supports the identification of the

i difference between the gravimetric measurement and the degraded AA as DHAA.
! observed values (an index of the accuracy of the measure- The studies described above (as opposed to those done on

ment) falls within the precision of the measurement, the serum samples collected and preserved infield studies)
CV being about 2% of the measured value for a single were carried out under ideal conditions, where the samples
measurement. This supports the conclusion that there is no were rapidly aliquoted and quickly cooled to -70 °C. At the
outstanding source of systematic bias. time of assay they were carefully thawed and prepared for

Furthermore these results demonstrate an acceptable assay. Close attention must be paid to this procedure
level of stability and homogeneity for both sets of samples because of the temperature instability of AA and DHAA. A
(sets 1 and 2) and clearly indicate that our measurements study of the stability of AA and DHAA at 4, 25, and 50 °C,
are reproducible for both sets of samples. These results are in the supplemented plasma samples preserved in MPA,:
consistent with our previous observation (13) on the stabil- indicates that degradation of AA can be detected at these'
ity of samples that were similar to set 1. Because these temperatures (Tables 3 and 4). At 4 °C, degradation of AA
samples are stable, this product may be a suitable control can be detected between 24 and 48 h. By 14 days, 29% (2.9

_ ii: material for AA measurement by methods used to resolve rag/L) of the remaining AA at the high concentration and
AA and DTT. 82% (3.2 rag/L) at the low concentration were oxidized; At

The suitability of a method for preserving AA in biolog_ 25 "C, similar results were observed within 24 h (1.9 rag/L)
ical samples collected for epidemiologica] studies and the and at 50 °C, within 3 h (1.6 rag/L). Furthermore, at all

i'_ validinterpretationofdatafromcompletedepiderniologicalthreetemperaturesa measurableamount ofthetotalAA
ii_i studiesdepend on demonstratingthe stabilityofplasma was not accountedforatthe end ofthe experiment;evi-

AA preservedby thatmethod.One approachtoevaluating dentlysome ofthe DHAA was furtherdegraded_Thus,

thestabilityofAA inplasmaistomeasure,specifically,AA underfieldconditions,MPA-treatedclinicalsamplescanbe
and itsimmediate degradationproduct,DHAA, so that storedfora day at4 °CwithoutsignificantlossofAA orof

:_ storage procedures can be effectively evaluated. _l_is is its initial degradation product (DHAA), but higher temper-
particularly important because some clinical samples may atures incur a risk of significant loss. Frozen samples

:_:: containsignificantconcentrationsofDHAA (5,6). shouldbethawed beforeanalysisby warming thesamples:_

_ For us toevaluatethe stabilityofAA and DHAA in at20°C for10 raintoensureminimal degradation.Fur-
_ plasma preservedwithMPA, itwas necessarytopreparea thermore,when MPA-preserved samplesarekeptatroom

referencematerialinwhich the totalAA (AA + DHAA) temperatureforextendedperiodsinthe absenceofDTT,
was accuratelymeasured.Thiswas achievedbygravimet- the AA can be expectedtoundergo degradation.These
ricallyadding a known amount of AA to plasma,and sampleswillnot yieldaccuratemeasurements ofnative
permittingpartialoxidationoftheAA toDHAA by letting AA.

_i i the supplemented plasma stand at room temperature for Under the conditions described above, we did not observeiil 2 h.'l_eDHAA producedthisway seemed tous tomost AA concentrationssignificantlyexceedingthe amount to
closelyapproach the conditionsunder which DHAA is which the plasma was supplemented.Thissuggeststhat

: generated when samples are processed in the field and earlier results obtained with a colorimetric method are in
preserved with MPA. error, the source of which remains undefined (3, 14). We

: DHAA was measured aRer neutralizing the plasma were also able to account for all of the DHAA that we
_ sample and reducingthe DHAA toAA with D'I_.The generated.This isincontrasttothe lesserrecoveryre-i
_ reduction of the DHAA was complete within 10 min and no ported by Baker et al. (3), a discrepancy that may be the

further change was observed during the following 80 rain. result of incomplete conversion of the DHAA dimer to the
The nonsupplemented plasma pool contained neither AA monomer in the plasma samples supplemented with corn-
nor DHAA (Figure 1). The results in Table 1 clearly mercial DttAA. Finally, we have confirmed that aged
demonstrate that all of the added AA was accounted for as plasma can slowly oxidize AA to DHAA at a rate similar to
AA or DHAA and that both AA and total AA (and by that reported by Baker et al. (3) and that the DHAA

:i inferencetheDHAA) arestableat-70 °Cwhen preserved resultingfrom theoxidationofAA can be determinedby
in MPA (50 g/L). The small standard deviation indicates the method described herein.
that the means for both supplemented lots are precise and
that all of the values from day 6 to day 98 fell within a In conclusion we have described a technique that is
narrow range. These results, i.e., recovery of all supple- suitable for use in the future evaluation of the stability of
mented AA, also indicate that the use of DTT (1 g/L) in the AA and DHAA in whole blood and for the elucidation of
presence of approximately 0.05 reel of dipotassium phos- suitable conditions for conserving the physiological ratio of
phate per liter (final concentration) effectively reduces all these compounds so that the epidemiological significance of
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s a the natural concentrations of AA and DHAA can be ex- ascerbic acid and L-dehydroascorbic in blood plasma. Clin Chim
,lus plored. Acta 1980;103:259--68.
_re- _ 8. Schreiber J, LohmannW,Unverzagt D, Otter A. Determination
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